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Description 

This invention relates to a method and apparatus for manufacturing ceramic materials. For example, this 
invention relates to a method and apparatus for sintering and calcining ceramic materials using a 

5 combination of conventional and microwave heating. 

Conventional heating, typically comprising convectional or convectional/radiative gas or electric resis- 
tance heating, is commonly used to manufacture ceramic materials. However, the slow heating rate and 
poor temperature control associated with conventional heating methods results in a high energy consump- 
tion and inconsistent product quality. 

70 Industrial heating by microwave radiation has been successfully used to accelerate the slip casting and 
drying of traditional ceramics. In comparison with conventional heating, microwave heating can provide a 
higher heating rate, where there is sufficient microwave absorption, with better temperature control, and thus 
results in a lower energy consumption and potentially a better quality product. 

Devices which utilize a combination of conventional and microwave heating are known for use at 

75 relatively low temperatures. A common example is the combination microwave/convection oven for cooking 
food. Convection heating is employed for uniformity of cooking and for purposes of enhancing flavour. 

Some industrial processes use a combination of convection and microwave heating, also at relatively 
low temperatures. For example, U.S.P. 4,375,441 discloses a combination of microwave and conventional 
heating to obtain uniform sintering of large, complexly configured or non-homogeneous polymeric articles in 

20 order to avoid overfusing of the interior due to uneven heating which may occur if only microwave heating is 
used. Conventional heating may thus be applied either prior to or subsequent to microwave heating. 

However, the dielectric loss factor (a measure of microwave absorption) of most ceramic materials is 
heavily dependent on temperature. Most ceramic materials do not permit significant microwave coupling 
(microwave absorption) at low temperatures. Since the benefits of microwave heating can only be fully 

25 realized when the ceramic material being processed permits significant microwave coupling, it has been a 
common practice in microwave processing of ceramics to use additives or coupling agents to enhance 
microwave coupling. 

It has been found that microwave coupling increases dramatically when the temperature of the ceramic 
is elevated above a threshold temperature, which varies according to the material being processed, at which 
30 the dielectric loss factor increases significantly. 

According to a first aspect of the present invention, there is provided an apparatus for processing 
ceramic materials, comprising an insulated housing providing a heating chamber defining a workspace and 
a secondary chamber disposed adjacent to the heating chamber, the heating chamber having an interior 
microwave-impermeable lining enclosing the workspace and access means permitting the materials to be 
35 placed in and removed from the workspace, conventional heating means in said secondary chamber, a 
microwave energy source and control means for selectively activating the microwave energy source when 
the ambient temperature in the workspace has reached a selected temperature, waveguide means coupled 
to the heating chamber for propagating microwave energy into the heating chamber and a perforated wall 
separating the heating chamber and the secondary chamber to permit convectional and radiative heat 
40 transfer from the secondary chamber to the heating chamber. 

According to a second aspect of the present invention, there is provided a method for processing 
ceramic materials at a desired temperature for a desired length of time, comprising the steps of applying 
convectional or convectional/radiative heat to elevate the temperature of a material to increase microwave 
coupling, and applying microwave radiation to further elevate the temperature of the materia! to the desired 
45 temperature and maintain the material at the desired temperature for the desired length of time. 

By using a combination of conventional and microwave heating, the present invention more efficiently 
processes ceramic materials. 

In an embodiment, conventional heating is applied to elevate the temperature of ceramic materials to 
the threshold at which there is a significant increase in microwave coupling, at which point microwave 
so heating is applied. This reduces both processing time and energy consumption as compared to conven- 
tional heating or microwave heating processes. 

The process of convectional or convectional/radiative heating followed by microwave heating also 
provides the advantage that the conventional heating phase elevates the ambient temperature of the 
workspace, thereby reducing the temperature gradient between the interior and the surface of the ceramic 
55 materials during the microwave heating phase. A better quality product should result. 

Those skilled in the art will recognize that within the temperature ranges referred to in this specification 
the radiative component of energy produced by a conventional heating source, such as an electric 
resistance heating element, is insignificant. However, in certain materials the dielectric loss factor may not 
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increase significantly until much higher temperatures are obtained, in which case the radiative (infrared) 
component may become significant. For this reason conventional heating as used herein includes convec- 
tional and radiative heating even though in the examples given below convectional heating is the only 
significant form of heat transfer in the conventional heating phase, 
s The invention will now be described by way of a non-limiting example with reference to the accompany- 
ing drawings, in which: 

Figure 1 is a cross-section of a kiln embodying the present invention; 
Figure 2 is a perspective view of the heating chamber illustrated in the kiln of Figure 1; 
Figure 3 is a graphical representation comparing the method of the present invention to conventional 
io heating methods in the calcination/synthesis of alumina trihydrate to alumina; 

Figure 4 is a graphical illustration comparing the method of the subject invention to conventional heating 
in the calcination/synthesis of barium titanate from barium oxide and titanium dioxide; and 
Figure 5 is a graphical illustration comparing the method of the present invention to conventional heating 
in the sintering of zinc oxide. 
75 The kiln illustrated in Figure 1 comprises a workspace 12 defined by a heating chamber 14. The 
heating chamber, illustrated in Figure 2, comprises a top 16, bottom 18, rear 20 and side walls 22 formed 
from a microwave-impermeable material which should preferably have a high electrical conductivity and be 
resistant to oxidation at temperatures in the range of 500 • C. 

The heating chamber 14 is contained within a thermally insulated kiln 10 having at least one abutting 
20 secondary chamber 24. Preferably secondary chambers 24 are disposed on either side of the heating 
chamber 14. The secondary chambers 24 contain conventional heating means such as electric resistance 
heating elements 26. The side walls 22 of the heating chamber 14 are perforated to permit convec- 
tional/radiative heat transfer from the heating elements 26 into the heating chamber 14 while minimizing 
leakage of microwave radiation from the heating chamber 14 to below an allowable industrial limit of 10 
25 mW/cm 2 . 

The rear wall 20 of the heating chamber 14 includes an access port 28 for a microwave waveguide 30 
through which the microwave generator (not shown) is coupled to the heating chamber 14. Temperature 
sensing means are provided in any convenient location within the heating chamber 14, and may be coupled 
to temperature control means for controlling the ambient temperature inside the heating chamber 14. 
30 The optimum workspace 12 dimensions as defined by the heating chamber 14 should produce a 
maximum number of effective frequency modes and well distributed voltage standing waves. The following 
expression, which gives a resonant wave length (X r ) in a cavity was used: 



\ = 2 

r s 

[(ni/a) 2 + (n/b) 2 + (p/c) 2 ] 1/2 



40 where a, b, and c are the cavity (workspace) dimensions and m, n, and p are integers giving the number of 
voltage standing waves that occur in the a, b, and c dimensions respectively. 

In a preferred embodiment of the invention, within an effective microwave frequency range of 2,450 ± 
10 megahertz (MHz), the optimum dimensions of the heating chamber 14 were found to be 25 cm wide by 
27 cm high by 29 cm deep. Austenitic stainless steel type 304L was chosen for the heating chamber 14 

45 since it has high electrical conductivity, good oxidation resistance and excellent welding characteristics. 
Sheets of 3.2 mm thickness were used for the top 16, bottom 18 and rear 20 of the heating chamber 14, 
and for the side walls 22 3 mm thick sheets uniformly perforated with 4 mm diameter holes (18,000 per m 2 ) 
were used to allow maximum convectional heat transfer while preventing microwave leakage. 

The heating chamber 14 preferably has a circular access port 15 with a tight-fitting access door (not 

so shown), designed in known fashion to resist microwave energy leakage and to prevent arcing. The access 
opening in the kiln 10 should preferably be large enough to allow the entire heating chamber 14 to be 
inserted or removed for easy cleaning, repair or replacement. To allow for visual inspection and temperature 
measurement of the ceramic, view ports with double quartz glazing may be located in the access doors. 
The microwave waveguide 30 is also preferably formed from 304L stainless steel. The waveguide is 

55 preferably about 30 cm long which allows a 15 cm long waveguide section 31 to be outside the kiln 10. 
Cooling of the waveguide 30 may be provided by coolant pumped through copper tubing (not shown) 
wound around the external waveguide section 31. 
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The secondary chambers 24 are designed to obtain a maximum temperature of 1,200*C with an 
average heating rate of 25 • C per minute. Internal thermal insulation 34 is provided by an 'all fibre' alumina- 
silicate material such as Carborundum (trade-mark). The outer housing 36 of the kiln 10 is constructed of 
mild steel coated with high temperature enamel. This insulation system should always maintain the outer 
5 surface temperature of the kiln below 40 • C. 

Temperature control within the workspace is provided by a silicon-controlled rectifier (SCR) and a type- 
K thermocouple. The floor 18 of the heating chamber 14 is lined with a perforated plate of mullite to 
minimize mechanical wear of the floor insulation 34. 

In operation, a ceramic material to be calcined/synthesized or sintered is placed in the workspace, and 
70 the heating elements are activated. When the ambient temperature in the workspace reaches a desired 
level (causing a significant increase in microwave coupling, as determined by experimentation), the 
microwave generator is activated either manually or by known switching means to elevate the temperature 
of the material to the calcination or sintering temperature and maintain same. The conventional heating 
source may be deactivated once microwave heating has begun. Alternatively, conventional heating may 
75 continue to be applied after microwave heating has begun or even after microwave heating has been 
stopped. 

' Specific examples 

m 

20 The kiln was used to process several ceramic materials. They included: 

« 

Calcination/Synthesis: 

- Alumina (AI2O3) from alumina trihydrate (Al20a3H 2 0) 

25 - Barium titanate (BaTiOa) from barium oxide (BaO) and titanium dioxide (T1O2) 

Sintering: 

- Alumina (AI2O3) 
30 - Zinc Oxide (ZnO) 

An infrared (IR) pyrometer was used to sense the temperature of the ceramic materials being 
processed in the workspace 12. The IR pyrometer readings were calibrated against those of a ther- 
mocouple. The differences between the two temperature readings in the 200-750 • C range increased with 
increasing temperature. An extensive calibration procedure for the IR pyrometer may be required to cover 
35 each different ceramic material over a given temperature range. Furthermore, the temperature measured by 
an IR pyrometer represents the surface temperature of a sample; during the application of microwave 
radiation the internal temperature is usually higher than the surface temperature. Other equipment may be 
used to measure temperature more accurately. In particular, high temperature optical fibre probes are very 
suitable for this application. 

40 In general, the selected materials were preheated to the 200-600 *C range using conventional heating, 
followed by microwave heating at various power levels. 

Example 1 

45 With respect to calcination/synthesis of alumina trihydrate to alumina, Figure 3 illustrates the advan- 
tages of calcinating this material by the use of conventional heating following by microwave heating versus 
using microwave heating only. As shown, using 850W of microwave power, a 20 g sample of alumina 
trihydrate was heated to approximately 1200*C in one hour whereupon the microwave power was reduced 
to 500W to maintain this temperature. By preheating another 20 g sample to 400* C and then exposing it to 

50 400W of microwave power, the sample reached the calcination temperature of 1200 ' C in a total time of 45 
minutes (35 minutes of electric resistance heating plus 10 minutes of microwave heating). 

Characterization of the sample, processed by a combination of conventional and microwave heating, 
using X-ray traction techniques indicated that alumina trihydrate powder had been completely transformed 
to alumina. In contrast, conventional heating for one hour at 1200 - C (plus about 72 minutes to preheat the 

55 kiln to 1200*C) did not produce the required alumina phase. Scanning electron microscopy and the sample 
calcinated in the hybrid kiln indicated that the grains of the alumina were fairly uniform with an average 
grain size of the microns. The grains were relatively fine considering that no process optimization was 
undertaken. 
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Example 2 

With respect to calcinating/synthesizing barium titanate from barium oxide and titanium dioxide, Figure 
4 illustrates the advantages of applying sequentially conventional electric heating following microwave 

5 heating versus applying only microwave heating. As shown, using 600W of microwave power, a 20 g 
sample required 1.5 hours for complete calcination. X-ray diffraction analysis indicated that the sample was 
fully transformed to barium titanate in the expected tetragonal phase, but a high temperature hexagonal 
BaTi0 2 . 99 7 was also present. A significant reduction in processing time occurred when samples were first 
heated by conventional means then by microwave means. The two samples were preheated to 300 * C, one 

w sample was followed by 300W of microwave heating while the other sample was followed by 600W of 
microwave heating. The 300W sample contained a lower amount of hexagonal phase barium titanate. It was 
clear that the main difference between the two cases was the maximum temperature attained (at 600W, 
Tmax^HSO'C; at 300W, T max = 900 • C). It was apparent that the maximum temperature (surface tempera- 
ture as measured by IR pyrometer) should not exceed 900 -C. 100g samples of barium oxide and titanium 

75 dioxide were also calcinated. 

A typical temperature profile is shown in Figure 4. With resistance heating and microwave heating 
(600W), the total time for calcination of 100 g samples was 1.5 hours. The X-ray diffraction of these 
samples showed only the desired tetragonal phase. A SEN! photomicrograph of a calcinated 100 g sample 
had average grain size of approximately one micron with events of some melting and agglomeration 
20 between grains. 

Example 3 

Figure 5 illustrates the temperature profiles of 3 gram zinc oxide samples heated by microwave (900W) 
25 and by applying convectional preheating to a sample temperature of 200 *C followed by microwave heating 
at 500W. By using 500W of microwave power, the temperature of the sample was kept constant at 650 • C 
(as measured by the IR pyrometer) for 70 minutes. The density of a sintered sample was 5.2 g/cm 3 , which 
is equivalent to 94.5% of the theoretical density of pure zinc oxide. It was clear that the sintered samples 
had a very thin layer that was not completely sintered. Subsequent tests were undertaken with samples 
30 completed insulated with saffile. The density of an insulated sintered sample was 5.1 g/cm 3 (ie. 92.7% of 
theoretical density). However, a surface layer with a maximum thickness of 0.45mm was still present. It is 
expected that zinc oxide samples may be perfectly sintered with some process optimization. 

Example 4 

35 

Using a high efficiency (high heating rate) electric kiln, the actual convectional energy consumption for 
alumina hydrate calcination was measured. For a 20 g sample, a dwell time of 2 hours was required, at 
1000'C. A 20gram sample was heated to 1000 - C in one hour. After a two hour dwell period at this 
temperature, the kiln was turned off and the sample was allowed to cool within the kiln. The total energy 

40 consumption for calcination of 20 g of alumina trihydrate by convectional electric heating was 6.0kWh. By 
comparison, the hybrid kiln total energy consumption to calcinate 20 g sample was 5.07kWh. Convectional 
heating consumed 18% more electrical energy than the combined use of convectional and microwave 
heating. Similarly, the calcination of barium titanate by the hybrid kiln was determined to be 1.7kWh as 
compared to 6.0kWh by convectional heating. 

45 Alumina used for sintering tests was the A-16, 99.7% pure type. The average grain size of this powder 
was less than one micrometer. Samples weighing 5, 20 and 40grams were prepared for sintering. 

Using 900W of microwave power, none of the samples exceeded a temperature of 250 • C in a period of 
1.5 hours. Pure alumina has a very low dielectric loss factor at ambient temperatures. However, at 
temperatures near 500 *C the dielectric loss factor of pure alumina increases significantly. The invention 

so was applied using a heating schedule of preheating by convectional heating to 500 -C followed by 900W of 
microwave heating. A 20 g sample insulated with Saffile fibre insulation was heated under these conditions. 
The resulting sintered sample showed no cracks and was uniformly sintered except for a minor spot on the 
top centre where there was evidence of melting. The measured density of the sample was 3.88g/cm 3 (ie. 
97% of the theoretical density). In comparison, conventional heating required 20 hours to sinter pure 

55 alumina to 96% of the theoretical density. 

Using an equivalent conventional kiln, the total energy required for sintering alumina was 9kWh 
(assuming a heating range of 1000- per hour with a dwell time of 2 hours). The kiln of the present invention 
required only 4.2kWh to process the same amount of alumina. 
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Claims 

1. An apparatus for processing ceramic materials, comprising 

an insulated housing (10) providing a heating chamber (14) defining a workspace (12) and a 
5 secondary chamber (24) disposed adjacent to the heating chamber (14), 

the heating chamber (14) having an interior microwave-impermeable lining (16, 18, 20, 22) 
enclosing the workspace (12) and access means (15) permitting the materials to be placed in and 
removed from the workspace (12), 

conventional heating means (26) in said secondary chamber (24), 
70 a microwave energy source and control means for selectively activating the microwave energy 

source when the ambient temperature in the workspace (12) has reached a selected temperature, 

waveguide means (30) coupled to the heating chamber (14) for propagating microwave energy into 
the heating chamber (14), and 

a perforated wall (22) separating the heating chamber (14) and the secondary chamber (24) to 
75 permit convectional and radiative heat transfer from the secondary chamber (24) to the heating 
chamber (14). 

2. An apparatus as defined in claim 1 including a secondary chamber (24) disposed on each side of the 
heating chamber (14) thereof, and a pair of perforated walls (22) separating the heating chamber (14) 

20 from the secondary chambers (24) to permit convectional and radiative heat transfer from the 
secondary chambers (24) to the heating chamber (14). 

3. An apparatus as defined in claim 1 or 2 wherein the conventional heating means comprises electric 
resistance heating elements (26). 

25 

4. An apparatus as defined in claim 1, 2 or 3 wherein the workspace (12) dimensions a, b and c are 
defined by the equation 



[(m/a) 2 +(n/Jb) 2 +(p/c) 2 ]* 



35 wherein X r is a resonant wave length and m, n and p are integers giving the number of voltage standing 
waves that occur in the a, b and c dimensions respectively. 

5. An apparatus as defined in claim 1, 2, 3 or 4 wherein the lining (16, 18, 20, 22) is metallic. 

40 6. A method for processing ceramic materials at a desired temperature for a desired length of time, 
comprising the steps of 

applying convectional or convectional/radiative heat to elevate the temperature of a material to 
increase microwave coupling, and 

applying microwave radiation to further elevate the temperature of the material to the desired 
45 temperature and maintain the material at the desired temperature for the desired length of time. 

7. The method according to claim 6 wherein the material is alumina trihydrate or zinc oxide. 

8. The method according to claim 6 or 7 wherein convectional heat is applied to elevate the temperature 
so of the material to approximately 500 * C. 

9. The method according to claim 6 wherein the ceramic calcination/synthesis includes barium oxide 
(BaO) and titanium dioxide (TiOa) to synthesize barium titanate (BaTi0 3 ). 

55 10. The method according to claim 6 wherein the ceramic comprises alumina (AI2O3). 

11. The method according to any one of claims 6 to 9 utilizing the apparatus according to any one of 
claims 1 to 5. 



6 



I 



EP 0 500 252 B1 



Patentanspruche 

1. Vorrichtung zur Behandlung von Keramikmaterialien mit 

einem isolierten Gehaus (10), das eine einen Arbeitsraum (12) begrenzende Heizkammer (14) und 
5 eine zu der Heizkammer (14) benachbart angeordnete Sekundarkammer (24) vorsieht, 

wobei die Heizkammer (14) eine innere Mikrowellen-undurchlassige Auskleidung (16, 18, 20, 22) hat, 

die den Arbeitsraum (12) einschlieBt, und Zugangseinrichtungen (15) es erlauben, die Materialien in 

dem Arbeitsraum (12) zu plazieren und sie daraus zu entfernen, 

herkommlichen Heizeinrichtungen (26) in der Sekundarkammer (24), 
w einer Mikrowellenenergiequelle und Steuereinrichtungen zur selektiven Aktivierung der Mikrowellenener- 

giequelle, wenn die Umgebungstemperatur in dem Arbeitsraum (12) eine ausgewahite Temperatur 

erreicht hat, 

mit der Heizkammer (14) verbundenen Wellenleitereinrichtungen (30) zur Ubertragung von Mikrowelle- 
nenergie in die Heizkammer (14) und • 
75 einer perforierten Wand (22), weiche die Heizkammer (14) und die Sekundarkammer (24) voneinander 
trennt, urn die GberfOhrung von Konvekticns- und Strahlungswarme aus der Sekundarkammer (24) zu 
der Heizkammer (14) zu erlauben. 

2. Vorrichtung nach Anspruch 1 mit einer auf jeder Seite der Heizkammer (14) derselben angeordneten 
20 Sekundarkammer (24) und einem Paar perforierter Wande (22), die die Heizkammer (14) von den 

Sekundarkammern (24) trennt, urn Konvektions- und Strahlungswarme-UberfUhrung von den Sekundar- 
kammern (24) zu der Heizkammer (14) zu erlauben. 

3. Vorrichtung nach Anspruch 1 oder 2, bei der die herkommlichen Heizeinrichtungen elektrische 
25 Widerstandsheizelemente (26) umfassen. 

4. Vorrichtung nach Anspruch 1, 2 oder 3, bei der die Abmessungen a, b und c des Arbeitsraumes (12) 
durch die Gleichung 



r [ im/a) 2 + (n/b) 2 + (p/c) 2 ] 1/2 

35 definiert sind, worin X r eine Resonanzwellenlange ist und m, n und p ganze Zahlen sind, die die Anzahl 
von Stehwellen wiedergeben, die in den Abmessungen a, b bzw. c auftreten. 

5. Vorrichtung nach Anspruch 1, 2, 3 oder 4, bei der die Auskleidung (16, 18, 20, 22) metallisch ist. 

40 6. Verfahren zur Behandlung von Keramikmaterialien bei einer erwunschten Temperatur wahrend einer 
erwunschten Zeitdauer mit den Stufen, in denen man Konvektions- oder Konvektions-/Strahlungswarme 
zufOhrt, urn die Temperatur eines Materials zur Steigerung einer Mikrowellenverbindung zu erhohen, 
und Mikrowellenstrahlung zufOhrt, urn die Temperatur des Materials weiter auf die erwiinschte Tempe- 
ratur anzuheben und das Material wahrend der erwtlnschten Zeitdauer auf der erwUnschten Temperatur 

45 zu halten. 

7. Verfahren nach Anspruch 6, bei dem das Material Aluminiumoxidtrihydrat oder Zinkoxid ist. 

8. Verfahren nach Anspruch 6 oder 7, bei dem Konvektionswarme zugefUhrt wird, urn die Temperatur des 
50 Materials auf etwa 500 * C anzuheben. 

■ 

9. Verfahren nach Anspruch 6, bei dem die Keramikbrenn/Synthese Bariumoxid (BaO) und Titandioxid 
(Ti02) einschlieBt, urn Bariumtitanat (BaTiOs) zu synthetisieren. 

55 10. Verfahren nach Anspruch 6, bei dem die Keramik Aluminiumoxid (AI2O3) umfafit. 

11. Verfahren nach einem der Anspruche 6 bis 9 unter Verwendung der Vorrichtung nach einem der 
Anspruche 1 bis 5. 



7 



EP 0 500 252 B1 

Revendications 

1. Appareil pour traiter des matieres a base de ceramique, comprenant un habillage isole (10) formant 
une chambre de chauffe (14) definissant un espace de travail (12) et une chambre secondaire (24) 

5 disposee a cote de la chambre de chauffe (14) ; 

la chambre de chauffe (14) ayant un revetement interieur impermeable aux hyperfrequences (16, 

18, 20, 22) renfermant I'espace de travail (12) et un moyen d'acces (15) permettant de placer des 

matieres dans I'espace de travail (12) et de les en retirer ; un moyen de chauffage classique (26) dans 

ladite chambre secondaire (24) ; 
io une source d'energie hyperfrequence et un moyen de commando pour activer de maniere 

selective ta source d'energie d'hyperfrequence lorsque la temperature ambiante dans I'espace de 

travail (12) a atteint une temperature choisie ; 

un moyen formant guide d'onde (30) raccorde a la chambre de chauffe (14) pour propager 

I'energie hyperfrequence dans la chambre de chauffe (14) ; et 
75 une paroi perforce (22) sSparant la chambre de chauffe (14) et la chambre secondaire (24) pour 

permettre un transfert de chaleur par convection et par rayonnement depuis la chambre secondaire 

(24) vers la chambre de chauffe (14). 

2. Appareil selon la revendication 1 , incluant une chambre secondaire (24) disposee de chaque cote de 
20 sa chambre de chauffe (14), et une paire de parois perforees (22) sSparant la chambre de chauffe (14) 

des chambres secondares (24) pour permettre un transfert de chaleur par convection et par rayonne- 
ment depuis les chambres secondares (24) vers la chambre de chauffe (14). 

3. Appareil selon la revendication 1 ou 2, dans lequel le moyen de chauffage classique comprend des 
25 elements chauffants a resistance electrique (26). 

4. Appareil selon la revendication 1, 2 ou 3, dans lequel les dimensions a, b et c de I'espace de travail 
(12) sont definies par liquation : 



[(m / a) 2 + (n / b) 2 + (p / c) 2 ] 1 / 2 

35 oCi X r est une longueur d'onde de resonance et m, n et p sont des nombres entiers donnant les 
nombres d'ondes stationnafres de tension qui se produisent, respectivement, dans les dimensions a, b 
et c. 

5. Appareil selon la revendication 1, 2, 3, ou 4, dans lequel le revetement (16, 18, 20, 22) est metallique. 

40 

6. Procede pour traiter une matiere a base de ceramique a une temperature souhaitee pendant une duree 
souhaitee, comprenant les etapes : 

duplication d'une chaleur de convection ou de convection/rayonnement pour elever la temperatu- 
re d'une matiere pour augmenter le couplage hyperfrequence ; et 
45 d'application d'un rayonnement hyperfrequence pour elever davantage la temperature de la matiere 

jusqu'& la temperature souhaitee et pour maintenir la matiere a la temperature souhaitee pendant la 
duree souhaitee. 

7. Procede selon la revendication 6, dans lequel la matiere est du trihydrate d'alumine ou de I'oxyde de 
so zinc. 

8. Procede selon la revendication 6 ou 7, dans lequel de la chaleur classique est appliquee pour elever la 
temperature de la matiere jusqu'a environ 500 • C. 

55 9. Procede selon la revendication 6, dans lequel la calcination/synthese de la ceramique utilise de I'oxyde 
de baryum (BaO) et du dioxyde de titane (Ti0 2 ) pour synthetiser du titanate de baryum (BaTi0 3 ). 

10. Procede selon la revendication 6, dans lequel la ceramique comprend de I'alumine (AbOa). 
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Procede selon Tune quelconque des revendications 6 a 9, utilisant I'appareil selon Tune quelconque 
des revendications 1 a 5. 
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